Femoroacetabular impingement (FAI) is considered a cause of labrochondral disease and secondary osteoarthritis. Nevertheless, the clinical syndrome associated with FAI is not fully characterized. We determined the clinical history, functional status, activity status, and physical examination findings that characterize FAI. We prospectively evaluated 51 patients (52 hips) with symptomatic FAI. Evaluation of the clinical history, physical exam, and previous treatments was performed. Patients completed demographic and validated hip questionnaires (Baecke et al., SF-12, Modified Harris hip, and UCLA activity score). The average patient age was 35 years and 57% were male. Symptom onset was commonly insidious (65%) and activity-related. Pain occurred predominantly in the groin (83%). The mean time from symptom onset to definitive diagnosis was 3.1 years. Patients were evaluated by an average 4.2 healthcare providers prior to diagnosis and inaccurate diagnoses were common. Thirteen percent had unsuccessful surgery at another anatomic site. On exam, 88% of the hips were painful with the anterior impingement test. Hip flexion and internal rotation in flexion were limited to an average 97°and 9°, respectively. The patients were relatively active, yet demonstrated restrictions of function and overall health. These data may facilitate diagnosis of this disorder. Level of Evidence: Level II, diagnostic study. See the Guidelines for Authors for a complete description of levels of evidence.
Introduction
Femoroacetabular impingement (FAI) results from morphological abnormalities of the proximal femur and/or acetabulum which produce abnormal abutment of the acetabular rim and femoral head-neck junction [2, 3, 10, 15, 17, 24, 29] . This mechanical abutment is most pronounced with hip flexion and internal rotation, and can be associated with pain, articular cartilage disease, labral abnormalities, and progressive secondary osteoarthritis [10, 17, 24] . FAI can be classified into two broad categories, namely cam (femoral-based) and pincer (acetabular-based). These can occur alone or in combination [2] . Typically, FAI affects young, active patients and is now recognized as Each author certifies that he or she has no commercial associations (eg, consultancies, stock ownership, equity interest, patent/licensing arrangements, etc) that might pose a conflict of interest in connection with the submitted article. Partial support was received from a Zimmer Clinical Research Grant (JCC). This work was supported in part by Award Number UL1RR024992 from the National Center for Research Resources (JCC). The content is solely the responsibility of the authors and does not necessarily represent the official views of the National Center for Research Resources or the National Institutes of Health. This work was also supported in part by the Curing Hip Disease Fund (JCC). Each author certifies that his or her institution has approved the human protocol for this investigation and that all investigations were conducted in conformity with ethical principles of research, and that informed consent for participation in the study was obtained. a common cause of hip dysfunction in this patient population. Surgical treatment techniques are evolving [8, 9, 11, 14, 16, 27, 28] , and early reports suggest a favorable response to surgery is associated with early surgery prior to secondary osteoarthritic changes [3, 26] . These findings underscore the importance of early diagnosis and timely treatment for symptomatic hips.
Prompt diagnosis can be challenging since many of these patients have insidious onset of symptoms, mild structural abnormalities, and symptoms overlap with other musculoskeletal conditions of the hip, pelvis, and lumbar spine. It is our impression that many patients with symptomatic FAI experience delays in diagnosis, incorrect diagnoses, and ineffective treatment recommendations. We propose there is a major need to better define and characterize the clinical syndrome associated with this disease.
Therefore, the purpose of this study was to describe the clinical history, functional and activity status, and physical examination findings associated with symptomatic FAI. Additionally, we defined the timeliness of diagnosis and treatment characteristics prior to definitive diagnosis.
Materials and Methods
We prospectively collected descriptive data on a cohort of patients with symptomatic FAI between January 2007 and January 2008. All 51 patients (52 hips) consented to participate prior to data collection. The diagnosis of FAI was made on clinical and radiographic grounds by the senior authors (JCC, DH, HP). We required the following to make the diagnosis: ''hip pain,'' evidence of hip joint irritability (hip pain elicited with range of motion, anterior impingement test, logroll maneuver, or straight leg raise against resistance), restricted hip motion on physical exam, and radiographic evidence suggestive of impingement. The diagnosis was made 3 months to 15 years after symptom onset. All patients were eventually evaluated by one author (JCC) in an attempt to standardize the examination and data collection process. Radiographic evaluation consisted of an anteroposterior pelvis, frog-leg lateral, and crosstable lateral views for all patients. Radiographic structural abnormalities consistent with FAI were present in all patients. These abnormalities included one or more of the following: acetabular retroversion, coxa profunda, coxa protrusio, aspherical femoral head, or femoral head-neck offset less than 9 mm on the cross-table lateral or frog lateral view [6, 7, 25, 30] . We excluded all patients with any hip symptoms of unclear etiology or advanced secondary osteoarthritis. All patients were scheduled for surgery. The average age of the 51 patients was 35 years (range, 15-61 years). Twenty-nine patients were male and 22 female. The average height was 175.3 ± 10.7 cm (range, 152.4-201 cm) and the average weight 78.6 ± 17.4 kg (range, 53.6-120.5 kg). Thirty-five of the symptomatic hips were right and 17 left. One patient had bilateral hip symptoms. We had prior approval of our study protocol by our Institutional Review Board (IRB).
Detailed clinical history information was obtained by patient questionnaires that were completed after a definitive diagnosis was obtained. A comprehensive questionnaire [4] detailing the patient's medical history and symptoms was utilized for hip symptoms. With this questionnaire, pain was characterized according to onset (acute/ traumatic/insidious) [5] , location, character, severity, duration, and aggravating and alleviating factors. Associated mechanical symptoms were also recorded. Patients also reported the time course and events leading up to their diagnosis of FAI including the age at symptom onset, previous diagnoses, the number and types of previous healthcare providers (physicians, physical therapist, chiropractor) seen for the problem, and the type of provider who made the final diagnosis. Additionally, standard measures of hip function (modified Harris hip score) [5, 12] , overall health (SF-12) [31] , and activity (Baecke et al. [1] and UCLA [32] scores) were obtained.
All patients underwent a standardized physical examination including bilateral hip range of motion and evaluation of pain with provocative hip maneuvers. Rangeof-motion endpoints were determined by detecting motion through the pelvis rather than hip. A goniometer was used to determine the maximum motion achieved without initiating pelvic motion. Provocative tests included Patrick's/ FABERS (flexion abduction external rotation), hip log roll, resisted straight leg raise, anterior impingement [18] , and posterior impingement signs. These maneuvers were considered positive when the test elicited groin pain. All patients received and failed nonoperative treatments that variably included nonsteroidal antiinflammatory medications, physical therapy, intraarticular steroid injections, and activity modifications.
We recommended surgery to all 51 patients. At the time of data analysis all patients had either had surgery (42 patients, 43 hips) or were scheduled (nine patients, nine hips) for surgery. For the 43 hips treated surgically, hip arthroscopy with acetabular and/or femoral osteochondroplasty was performed in 33 hips. The remaining 10 hips were treated with surgical dislocation. Intraoperative findings were documented and the presence of acetabular labral tears and articular cartilage disease was recorded by the surgeon (JCC). The degree of cartilage damage was graded according to the classification scheme described by Beck et al. [3] , as Grade 0 (normal), Grade I (malacia), Grade II (pitting), Grade III (debonding), Grade IV (cleavage), or Grade V (full-thickness defect). Forty-two of the 43 hips (98%) treated surgically demonstrated articular cartilage 
Results
The majority of patients complained of an insidious onset of predominant groin pain that became moderate to severe by the time of presentation, and was worsened with activity ( Table 1 ). The majority (65%) of patients had insidious onset of pain while 35% reported onset following a specific injury. The most common pain location was the groin region (83% of hips), yet many patients had associated discomfort in the lateral hip, thigh, buttock, and low back regions ( Fig. 1 ). Eighty-seven percent of patients presenting with buttock pain had corresponding groin pain. No individual presented with isolated buttock pain. Pain severity was described as moderate, severe, or disabling in 81% of the hips. Aching pain and sharp pain were both present in 73% of the hips. A mechanical component to the pain (65%) and exacerbation with sitting (65%) were also common. Pain was activity-related in 71% of the hips with running (69%), pivoting (63%), and walking (58%) being most problematic. The most effective means of alleviating of pain was rest (67%) and frequent changing of position (52%). This relatively young patient cohort had substantial limitations in function and activity levels (Tables 2, 3 ). Seventy-three percent of the patients limped, 42% were limited to sitting less than 30 minutes, 40% used a banister when climbing stairs, and 36% experienced limitations in walking distance. Baseline questionnaires, including the modified Harris hip, the Questionnaire of Habitual Physical Activity of Baecke et al. [1] , the Short Form (SF)-12, and the UCLA activity score, were completed by all patients at the time of diagnosis ( Table 3 ). The average modified Harris hip score was 63.9 (range, 39.6-92.4). The patients' average work score of Baecke et al. [1] was 2.4 ± 0.9 (range, 0.75-5), total sport score was 2.7 ± 1.3 (range, 0.25-4.75), leisure index score was 2.6 ± 0.7 (range, 1.5-4), and a total score of Baecke et al. was 7.7 ± 2.3 (range, 2.5-12.25). Fifty-seven percent (29 patients) participated in regular sporting activities and 59% classified their sporting participation intensity as high while 28% reported it as moderate. The average UCLA activity score was 7.1 ± 2.8 (range, 2-10), consistent with patients participating in activities like fast walking, golfing, and bowling. Twentynine percent (15 patients) participated in impact activities like jogging, tennis, and ballet on a regular basis. The average baseline SF-12 physical functioning score was 43.5 ± 9.2 (range, 23.8-62.5) and 74% of patients reported a function score less than the average score of 50. Mental functioning score was 48.1 ± 11.6 (range, 17-66.9) with 43% of patients having a mental score less than the average score of 50.
Physical examination demonstrated reduced hip flexion and a positive impingement test in the majority of patients. Hip range of motion was similar in both the symptomatic and asymptomatic hips ( Table 4 ). In symptomatic hips, flexion was 97°(± 9°) and internal rotation in flexion was 9°(± 8°). Thirty-three percent (17 hips) demonstrated a Trendelenburg sign. Five different types of provocative tests were performed in a variable number of patients ( Table 5 ). The anterior impingement test reproduced anterior groin pain in 46 of 52 (88%) tested. Thirty-six of the 52 hips (69%) demonstrated a positive FABER test, and 23 of 41 hips (56%) had a positive resisted straight leg raise. The log roll test and posterior impingement test reproduced hip pain in 30% and 22% of hips, respectively. Many of the 51 patients experienced prolonged symptoms, delays in diagnosis, incorrect diagnoses, and unsuccessful treatments. The average duration of symptoms prior to obtaining a definitive diagnosis of FAI was 3.1 years (median, 2 years; range, 3 months to 15 years). Patients saw an average of 4.2 ± 2.9 healthcare providers (range, 1-16) before the diagnosis was made. A total of 220 healthcare providers were seen prior to a definitive diagnosis made by our group. Healthcare providers seen included 34 (16%) primary care physicians, four (2%) nurse practitioners, 15 (7%) physician assistants, 102 (46%) orthopaedic specialists, 33 (15%) physical therapists, 12 (5%) chiropractors, 20 (9%) physiatrists, pain management physicians, neurologists, neurosurgeons, and massage therapists. Nineteen different types of diagnoses were given to the patients prior to the diagnosis of FAI ( Table 6 ). The most common diagnoses offered were ''soft tissue injury'' (10 patients/hips, 19%), hip osteoarthritis (five patients/hips, 10%), and hip dysplasia (four patients/ hips, 8%). Additional non-hip-related diagnoses given included knee pain, low back pain, osteitis pubis, and fibromyalgia. The most frequent treatment prescribed during this time was nonsteroidal antiinflammatory medicines (34 hips, 65%). Physical therapy (30 hips, 58%) and chiropractic treatment (13 hips, 25%) were also common therapies. Injections were performed in 35% of the hips. Surgery (other than for FAI) was performed in 13% (seven hips) of these cases without resolution or improvement of symptoms.
Discussion
Femoroacetabular impingement (FAI) is an under-recognized cause of hip pain and secondary osteoarthritis. There Low Back: 23% (12 patients) Buttock: 29% (15 patients) Posterior Thigh: 12% (6 patients) Lateral Thigh: 19% (10 patients) Knee: 27% (14 patients) Anterior Thigh: 35% (18 patients) Groin: 88% (46 patients) Fig. 1 Pain location and frequency for patients with symptomatic FAI is shown. is an increasing body of literature [2-4, 6-8, 10, 11, 14-17, 24-29] regarding its structural characteristics, secondary articular disease, and surgical treatment options. Nevertheless, there is limited information regarding the clinical presentation of this disorder. The purpose of this study was to determine the clinical history, functional status, activity status, and physical examination findings associated with symptomatic FAI. The limitations of our study include the characteristics of the patient cohort in that all patients were definitively diagnosed and treated by one group of physicians. It is possible these physicians have similar biases regarding the diagnostic characteristics of this disease and patients with atypical characteristics could have been misdiagnosed and excluded. If this did occur, we suspect that it was uncommon due to our high awareness of this diagnosis and our standard radiographic assessment for impingement abnormalities. Second, the physical exam findings are based upon the evaluation of a few physicians. These findings may be biased by the method of examination in our practice. Clearly, the clinical examination of hip range of motion and provocative tests has not been standardized for all physicians [20] , and some may perform these tests with different techniques. Additionally, despite the prospective study design, the provocative tests were not recorded on all patients (Table 5 ). Finally, we have not confirmed the clinical resolution of impingement symptoms with surgical intervention. Despite the limitations, we did collect a unique dataset prospectively and present what we believe are comprehensive data regarding this patient population.
Our data demonstrate symptomatic FAI is commonly manifested as insidious onset of groin pain. As symptoms progress most patients experience moderate to marked pain and substantial limitations of activity (Tables 2, 3 ). These data are consistent with the previous work by Phillippon et al. [27, 28] . They reported on the clinical symptoms and Total sport score 2.7 (± 1.3) 0 (none)-5.6 (high activity)
Leisure index score 2.6 (± 0.7) 0 (none)-5 (high activity)
Total score 7.7 (± 2.3) 0 (none)-15.6 (high activity) exam findings in 301 patients treated for FAI. Eighty-five percent had moderate or marked pain, 81% had groin pain, and 99% a positive anterior impingement test. These data are consistent with our values of 81%, 83%, and 88%, respectively. Restricted hip flexion and internal rotation were also noted in our study. For example, ROM testing for our patients demonstrated deficits when compared with those for normal subjects described by Magee [19] . Specifically, our symptomatic hips had an average 97°of flexion and 9°of internal rotation in flexion. These values are lower than the 110°to 120°of flexion and 30°to 40°of internal rotation reported by Magee. Additional data from our study highlighted common delays in diagnosis and inaccurate diagnoses. Many patients are evaluated and treated by multiple healthcare providers before obtaining an accurate diagnosis. Our patients were diagnosed at an average age of 35 years and they tended to be highly active, with over 50% participating in regular sporting activities such as soccer, softball, and golf. Twenty-nine percent of patients characterized their activity level as high as assessed by UCLA activity score. Sport activities requiring hyperflexion, hyperextension, and external rotation of the hip may place abnormal forces on the acetabular rim and therefore inflict microtrauma and injury to the labrochondral complex [13, [21] [22] [23] . These pathomechanics are accentuated in hips with structural impingement abnormalities. The relatively active patient population we have identified underscores the concept that high-demand activity may be a risk factor for development of symptomatic FAI (in the mechanically ''jeopardized'' hip). Importantly, activity limitations seem to have a substantial negative impact on these patients since 74% reported their physical activity level to be less than average.
The knowledge and awareness of FAI as a clinical entity is growing. The abnormal force patterns transmitted through the femoral head/neck junction and the acetabular rim predispose these individuals to functional limitations, articular cartilage damage, and subsequent secondary osteoarthritis. It is therefore paramount that the clinical presentation of FAI as outlined in this and other studies be recognized to establish a timely diagnosis. This will facilitate improved orthopaedic care of this disease, and will provide an opportunity for joint preservation surgical intervention when indicated. 
